Freely available online open
surgical treatments for sCFE-related FAI, and is strengthened by a strong rigorous methodology, and thorough data abstraction/analysis. Has inherent methodological limitations such as selection, spectrum and inherent language bias. whether statistical differences correlate with minimal clinical important differences remains to be known. introduction sCFE, a common childhood hip disorder, involves a reduction in the head-neck offset caused by distortion of the proximal femur that accompanies posterior-inferior epiphyseal displacement. 1 to date, surgical treatment with in situ pinning remains the benchmark management option. 2, 3 However, the residual deformity (i.e. femoral retrotorsion) may lead to a unique metaphyseal "cam" impingement which, though distinctly different from the "cam" of typical FAI, may manifest as changes in passive and active hip range of movement. [4] [5] [6] [7] studies have documented that patients treated with in situ pinning following sCFE can develop symptomatic FAI during adolescence. [8] [9] [10] FAI may lead to intra-articular pathology at the chondrolabral junction, labrum and femoral head with the potential to develop secondary osteoarthritic changes. [11] [12] [13] thus, several authors have proposed early surgical intervention in order to avert these long-term comorbidities. [14] [15] [16] [17] Currently, the pragmatic approaches to surgical treatment of post-sCFE-related FAI are based on the severity of displacement according to the southwick classification (slip angle). 18 As such, arthroscopic osteochondroplasty is recommended for mild deformities (slip angle < 30°). open techniques, be it surgical dislocation of the hip (sDH) with femoral head osteochondroplasty or flexion intertrochanteric osteotomy, are typically reserved for moderate deformities (slip angle 30° to 60°) and severe deformities (slip angle > 60°), respectively. 19, 20 However, some studies have shown poor correlation with slip angle severity and risk of developing FAI, 1, 5, 6, 9 with a direct relationship between intra-articular damage and severity of deformity after sCFE remaining unproven.
the purpose of this systematic review was to analyse the available literature on the arthroscopic and open surgical treatment options of FAI secondary to sCFE and to evaluate clinical and radiographic outcomes, complications, and revision rates.
Materials and Methods
the Preferred reporting Items for systematic reviews and meta-Analyses (PrIsmA) guidelines were used in designing this study. Search Strategy. two reviewers (oKo, AD) searched three online databases (mEDlINE, EmBAsE and Pubmed) for literature related to the surgical management of FAI secondary to sCFE deformity. the database search was conducted on 08 August 2016, and retrieved articles from the date of database inception to 08 August 8, 2016 . the following key terms were used in the search: "slipped capital femoral epiphysis", "slipped upper femoral epiphysis", "post sCFE", "femoroacetabular impingement" and "labrum". A table detailing the search  strategy is presented in supplementary table i . Study screening. the research question and individual study eligibility criteria were established before the search took place. the inclusion criteria were: all levels of evidence, studies focused on FAI following sCFE treatment in any age or gender, studies published in English, studies on humans and studies reporting, at minimum, one clinical or radiographic outcome. Exclusion criteria were: any non-surgical treatment studies, technique articles without outcomes, cadaver studies, review articles, editorial comments or letters to the editor and instructional course lectures. studies older than ten years were also excluded.
two reviewers (FF, JK) independently screened the titles, abstracts, and full texts of the retrieved studies in duplicate, and any discrepancies at the title and abstract stage were resolved by automatic inclusion to ensure thoroughness. Any discrepancies at the full-text stage were resolved by consensus between the two reviewers. If a consensus could not be reached, a third, more senior, reviewer (Koo) resolved the discrepancy. the references of included studies were screened to capture any articles that may have eluded the initial search strategy. Quality assessment of included studies. A quality assessment of all the included studies was completed using the methodological index for non-randomised studies (mINors) criteria. 21 mINors represents a validated scoring tool for non-randomised studies (e.g. case reports, case series, cohort studies). Each of the 12 items in the mINors criteria is given a score of zero, one, or two, giving a maximum score of 16 for non-comparative studies and a maximum score of 24 for comparative studies. Data abstraction. two reviewers (FF, JK) independently abstracted pertinent study data from the final pool of eligible articles and recorded these data in a microsoft Excel spreadsheet (version 2007; microsoft, redmond, washington). study demographics were abstracted and included author, year of publication, sample size, study design, level of evidence and patient characteristics (gender, age). In addition to demographic information, surgical technique, surgical outcomes and complications were documented. Patients in the primary studies were divided into three main groups according to type of surgical management: those treated with hip arthroscopy and osteochondroplasty, those treated with surgical hip dislocation and osteochondroplasty, +/-intertrochanteric osteotomy, and those treated with open osteotomy (e.g. southwick, valgus/varus-producing subtrochanteric osteotomies).
Clinical outcomes were abstracted and included hip outcome scores, complication rates and revision surgery rates. For the radiological outcomes, the pre-operative and post-operative alpha angle measurement on frog-leg lateral plain radiograph or mrI was administered and fully reported by most studies. Hence, it was used to compare the degree of surgical correction between study groups. other radiographic parameters were inconsistently used among the studies, making them difficult to use as a comparable tool. Statistical analysis. A weighted kappa (k) was calculated for each stage of article screening to evaluate interreviewer agreement. 21 the agreement was categorised before the search took place as follows: a k score > 0.61 indicated substantial agreement, 0.21 to 0.60 moderate agreement, and those < 0.20 indicated slight agreement. 22 Descriptive statistics, such as means, ranges and measures of variance (e.g. standard deviation (sd), 95% confidence intervals (CI)) were reported when available. student t-tests were used to test for differences in post-operative outcomes between groups. the agreement between the two reviewers for assessment of study quality was calculated using an intraclass correlation coefficient, which evaluates the consistency of multiple observers measuring the same groups of data. Because of heterogeneity among studies, both in terms of patient populations and outcome measures, no meta-analysis was performed.
Results
interviewer agreement in study identification. there was substantial agreement between reviewers at title (k = 0.68; 95% CI 0.66 to 0.69), abstract (k = 0.863; 95% CI 0.795 to 0.930), and full-text screening stages (k = 0.84; 95% CI 0.81 to 0.87). Study characteristics. our initial literature search yielded 353 studies of which 38 were reviewed in more detail; 15 were deemed eligible at this point [14] [15] [16] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] with 23 being excluded for this review (Fig. 1) . these studies included a total of 261 patients with 266 hips. the treatment groups were as follows: arthroscopy, 85 patients (88 hips); surgical hip dislocation, 131 patients (133 hips); and osteotomy, 45 patients (45 hips). of the patients treated across the studies, 57.5% were male. the mean ages of patients were 14.1 years (sd 2.96), 15.6 years (sd 2.19), and 13.5 years (sd 0. 70) for arthroscopy treatment, surgical hip dislocation and osteotomy, respectively. the mean follow-up for arthroscopy treatment was 20.0 months (sd 7.59), for surgical hip dislocation was 39.45 months (sd 17.9), and for osteotomy was 51.5 months (sd 12.0) (table I). Study quality. All the included studies were level Iv case series or retrospective reviews. there was high agreement among quality assessment scores of included studies using mINors criteria, with intraclass correlation coefficient 0.97 (95% CI 0.96 to 0.98). the included studies had a mean mINors score of 10.05 (8 to 13), which indicates a fair quality of evidence (table I) , although all studies are considered inherently low-quality evidence as they were retrospective, and did not have a control group for comparison. patient outcomes. Different radiological measurements such as alpha angle, slip angle, femoral head neck-offset ratio, and centre-edge angle were used in the eligible studies. Alpha angle measurement on the frog-leg lateral plain radiograph was sufficiently administered both pre-operatively and post-operatively in ten of the 15 studies. It was measured on frog-leg lateral radiograph in all of the studies except one that measured it on mrI using radial reformatted mr images. 24 this was used to compare the degree of surgical correction between study groups. the mean alpha angle corrections were 32.14° (sd 7.02°), 41.45° (sd 10.5°) and 6.0° (sd 5.21°) for arthroscopy, surgical hip dislocation and osteotomy, respectively (p < 0.05) (table II) .
the clinical outcomes reported in the included studies are presented in table III. Due to the heterogeneity of these outcome measures, direct comparisons among the three procedures were limited. However, the three types of surgical treatment demonstrated statistically significant improvements in their respective scoring systems (p values ranging from < 0.0001 to 0.05) except in patients with peri-operative 15, 29 or post-operative findings of articular cartilage defect, avascular necrosis or chondrolysis (table Iv) . 30, 32 modified Harris Hip scores (mHHs) were most commonly reported in arthroscopy (n = 3 studies; 32 hips) and surgical dislocation studies (n = 2 studies; 44 hips). mean pre-operative mHHs were 45.67 in arthroscopy and 60.95 in surgical hip dislocation treatment. Postoperatively, these scores improved to 84.37 in arthroscopy and 86.65 in surgical dislocation (range of instrument, 0 to 100). Notably, hip arthroscopy was associated with a greater, but statically insignificant, improvement in mHHs of 38.7 versus 25.7 in surgical *maximum mINor score was 16 mINor, methodological index for non-randomised studies; Nr not reported dislocation (p = 0.56). No study in the osteotomy group reported outcomes using this instrument. In addition, the western ontario and mcmaster universities osteoarthritis Index (womAC) score was reported in three studies that allowed for the comparative assessment of post-operative improvement only in surgical dislocation. this outcome score showed a marginal improvement of 0.79 post-operatively (n = 3 studies ;73 hips).
Pre-and post-operative internal rotation (Ir) in 90° of hip flexion was compared among eligible studies in arthroscopy (n = 4 studies; 60 hips), surgical dislocation (n = 3 studies; 56 hips) and osteotomy (n = 1 study; 13 hips) treatments. while there were improvements in these measurements across all of the study groups (arthroscopy Ir, 21°; surgical hip dislocation Ir, 39°; osteo tomy Ir, 28°), surgical dislocation treatment showed a statistically insignificant (p = 0.18) improvement over arthroscopic and osteotomy treatments. two studies reported a persistently positive impingement test (flexion, adduction, internal rotation) in about 25% of their patients post-operatively following arthroscopy treatment 15 and osteotomy treatment). 32 Complications and revision rates. Complications and revision surgeries were reported in four arthroscopic treatment studies (62 patients), 23, 26, 27 in six surgical (table Iv) . the minor (and major) complication rates were 11.3% (1.6%), 6.9% (10.7%), and 11.1% (6.7%) for arthroscopy, surgical dislocation, and osteotomy treatments, respectively. revision rates were 8.1%, 11.5% and 2.2% for arthroscopy, surgical dislocation, and osteotomy, respectively (table Iv) .
Discussion
Key findings. the key findings of this review were that all approaches to treat post-sCFE deformity resulted in a significant correction in alpha angle, internal rotation and in patient-reported outcomes, however, surgical dislocation had higher rates of complications and revisions. the surgical approach to patients with symptomatic FAI secondary to sCFE deformity remains controversial, with some advocating immediate osteoplasty at the time of sCFE pinning. 14,16 treatment decisions, though typically based on the severity of the slip angle, may not be as reliable as those based on alpha angle measurements. 9, 58 two studies in this review demonstrated that clinical signs of FAI correlated with alpha angle more than with slip angle in sCFE-related impingement. 15, 23 Although originally measured on mrI, a previous study showed little benefit over plain radiographs in improving interobserver agreement in cam-type FAI morphology. 59 Nevertheless, it remains an important measure of camtype FAI as adequate correction has been correlated with positive outcome following FAI surgery. 60 Clinical outcome scores showed improvements in all treatment types, with statistically insignificant higher scores in mHHs in arthroscopy compared with other procedures (table III) . Previous systematic reviews of both procedures in the treatment of FAI revealed superior results for arthroscopic treatment on the 12-Item shortForm survey (sF-12) physical component in comparison with surgical dislocation treatment. 61 this systematic review showed a greater improvement in hip internal rotation in surgical dislocation treatment. Ir is usually decreased from FAI and may serve as a clinical measurement of impingement severity. As such, determining how much of the reduced Ir is due to the retrotorsion of the femur rather than residual post-operative deformity is essential to validate the clinical significance of this physical exam feature. 10, 62 revision osteoplasty rates due to osseous underresection are comparable in surgical dislocation (1.5%) and arthroscopic (1.6%) treatments. A cadaveric study by sussmann et al 63 showed the efficacy of arthroscopic decompressions of the head-neck junction for isolated cam-type impingement, with an accuracy and precision similar to those of an open surgical technique. thus, depending on the severity of the deformity, some camtype impingement may be better treated by surgical dislocation. surgical hip dislocation was described by ganz et al 64 to provide a reproducibly safe 360° view of the femoral head and neck, and has long been the standard surgical modality for treating FAI. [64] [65] [66] [67] ganz et al 64 reported successful results of this open technique without any occurrence of avascular necrosis of the femoral head. 64, 66 A similar result has not been reproduced in papers included in this systematic review. [30] [31] [32] A higher avascular necrosis (table Iv) , possibly due to the smaller number of feeder vessels from the circumflex artery, when compared with arthroscopic and osteotomy treatments. surgical outcomes in these patients were with poor longterm function. Future efforts should focus on performing high-quality trials with standardised radiological and clinical outcome measures for young patients to clarify treatment approaches, clinical and radiographic indicators, and optimise patient safety. In addition, given that not all patients with sCFE develop FAI, it would be of clinical relevance to identify the percentage of patients with sCFE that can remodel their proximal femurs, as well as identify factors that make patients more likely to develop the metaphyseal cam deformity. Strengths and limitations. to the best of our knowledge, this is one of the first systematic reviews of the English literature to evaluate different surgical treatments for sCFErelated FAI, and is strengthened by a strong and rigorous methodology and thorough data abstraction/analysis. there are, however, limitations in this review. First, all studies were retrospective, level Iv case series. this study design has inherent methodological limitations, such as selection and spectrum bias, that prevent us from answering such questions of importance as, 'how long after the initial sCFE treatment did the second surgery for FAI occur?'. Furthermore, the lack of comparative studies limits the ability to draw definitive conclusions on the efficacy of one procedure in comparison with another based on the available data. this is an English language-only study, which carries an inherent language bias. second, there were more patients in the surgical dislocation group than there were in the other groups, thus limiting the ability to make direct comparisons. Further, the alpha angle may correct impingement, but not overall deformity, based on southwick slip angle. 18 Clinical outcome scores were heterogeneous, making direct comparison of functional improvement difficult. lastly, the hip outcome tools used may not always be applicable to the young hip patients, and whether statistical differences correlate with minimal clinical important differences remains to be seen.
In conclusion, based on the current systematic review, FAI following sCFE might be amenable to open and arthroscopic surgical management with good short-term outcomes. However, we are unable to determine conclusively the superiority of one treatment technique over another. It may be that isolated metaphyseal defects can be managed via an open or arthroscopic approach, with open techniques reserved for cases where arthroscopy cannot provide adequate resection and/or in those patients requiring corrective osteotomy. Further investigation, including high-quality trials with standardised radiological and clinical outcome measures for young patients, is warranted to clarify treatment approaches, clinical and radiographic indicators, and to optimise patient safety.
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